Introduction
Back pain emerged as the most widespread reason for medical certificate with an amount of 23,2 percent in the year 2012 [1] and is therefore economically highly significant [2] . Pain is often caused by the musculature of the movement system either weakened or changed in its functional structure due to morphological disorders like defects of spine formation. These defects often develop during childhood and are of high progression risk [3] . The objective of our research group is to develop a machineaided screening method that provides the indication for further diagnosis in order to enable a therapy of postural deformities as soon as possible. The aim of this study is to identify technically measurable symptoms for the development of the method which, combined together, enable the binary evaluation of posture in "non-discreet" and "discreet". A non-discreet posture indicates either the requirement of further examination or therapy. A binary evaluation based on manual diagnosis is used as reference for the assessment of classification.
Methods
Postural deformities show a huge variety of symptoms of different severity. The potentially measurable symptoms have to be identified in a four-step-process in order to get results comparable to the reference of manual diagnosis.
Step 1: Selection of potential symptoms Outgoing from consultations of 20 orthopedics as well as by literature research 12 symptoms were extracted, of which a categorical selection is seen in fig. 1 . Figure 1 : selection of examples for chosen parameters [7] Step 2: Information gathering These 12 symptoms are listed in a questionnaire with four possible grades according to severity from "discreet" up to "extremely". Four physicians specialized on posture diagnosis categorized the posture. The subject collective of this study consists of 89 children aged 9 to 13. With the reference of the manual examination the posture of 65 children are classified as "discreet" and 24 children as "non-discreet".
Step 3: Data analysis The research of symptom combinations which enable to reach the results of the manual reference diagnoses occurs on the basis of feature-selection. About 20 % of the 4096 (2^12) symptom combinations are generated by a sequential randomized algorithm which makes the feature space extensively analyzed [4] . For the classification of the evaluation a Support Vector Machine (SVM) is used. The SVM algorithm is implemented in the library LibSvm [5] . Subsequently, the averaged result is normalized linearly to a number between 0 and 1 using Eq. 1. 
The value to be normalized is w i , while w min and w max are the minimum as well as maximal value from all averages of the same feature. For classification a radial kernel of SVM is used. The determination of optimal kernel parameters, the penalty parameter c as well as the gamma value g for SVM modeling and statistical analysis is performed by a leave-oneout cross-validation.
step 4: review of the classification results
In the last step, the classification results of the tested parameter combinations must be evaluated according to their classification rates taking into account the sensitivity and the measurability of the parameters used.
Results
The results with highest classification rates are shown in Tab. 1, which contains the corresponding sensitivities and specificities as well, the determined values of the kernel parameters. The achieved classification rates are above 85 percent, with a sensitivity of 66 % to 75 % and a specificity of over 90 percent. The p-values are Bonferroniadjusted on the number of iterations used (100). The number of the combined symptoms to achieve these rates varies between four and six.
Discussion
In this study, symptoms related to the diagnosis of an abnormal posture were identified and grouped into meaningful combinations. These compilations include a selection of 4 to 6 of the identified symptoms, which is already sufficient to classify a large part of the children's postures correctly. The statistical significance of the determined classification rates is shown by their related p-values, which are Bonferroni-adjusted. In evaluating these results, the ratio of children with abnormal to normal posture of 24:65 should be noted. Thus the minimum probability of a correct classification is 73 percent, if all children are classified as normal. This limit is about 17 percent exceeded by the reached classification rates, which implies the suitability of SVM as a classifier. The reached sensitivities are relatively low by comparing with their classification rates and must be set in relation to the sensitivity of the clinicians. In our study the clinicians' sensitivity has an average of about 80 percent, which differs by only 5 percent from the results of feature selection. For further statistical evaluation of sensitivity and specificity a larger group of probationers with abnormal posture is required.
The determined combinations are evaluated by their measurability and by their sensitivity. It is more important to classify a postural deformed child correctly and to initiate further diagnostics or therapy, than to examine a healthy child unnecessarily. According to these criteria combination no 2 should be selected as a medical basis for the development of a technical screening process. The quantization of parameter ratings, the kernel used and its parameters provide further potential for optimization. Using a sigmoidal kernel leads to an increase in classification rates of about 5 percent in the first preliminary. 
